Using spectroscopic data and structure parameters observed by electron diffraction, a normal coordinate analysis was performed for spiropentane. Harmonic force field, potential energy distribution and calculated mean amplitudes of vibration are reported. A very satisfactory agreement is found between observed and calculated mean amplitudes of vibration.
Recently a normal coordinate analysis of azulene was published
The same paper also quotes several recently reported structural and spectral investigations on cyclic hydrocarbons. Many of the symmetry force constants arrived at there were well applicable as starting-point values for the corresponding force constants in the present investigation.
Daliinga et al. 2 have reported structural values for spiropentane, observed by means of electron diffraction. These values were used here, along with spectroscopic data quoted in Reference 3.
Construction of Symmetry Coordinates
One cyclopropylene fragment of C^v symmetry has 15 normal modes of vibration distributed as (C2v) 5 at + 3 a2 + 3 bt + 4 b2 .
The b i and b2 species designations depend on the orientation of cartesian axes.
The in-phase ( + ) and out-of-phase ( -) vibrations for the two cyclopropylene fragments account for 30 normal modes of the spiropentane molecule of symmetry D^d, which altogether has 33 normal modes according to
The excess 3 modes belong to B! + E. In the present analysis the in-phase and out-ofphase combinations of cyclopropylene coordinates are used explicitly in the construction of the symmetry coordinates for spiropentane. The correlations between the symmetry species of the Cov and D^d point groups are deduced. (VK^-'^ + zv)
Ci l (a1)=h (RTy<>(y1 + v2 + y; i + y4) C5 ] (a1)=l Cj^a.,) = h{t1-t2-t3 + ti)
The corresponding set for fragment II is obtained by taking the analogous expressions. Thus, for instance C^K) = 2 _^( r3 + r4), C2 n (ai) = s2,C3 n (ai) = l{t5 + t6 + t7 + ta), etc.
The in-phase and out-of-phase vibrations of spiropentane are defined by the symmetrical ( -f ) and antisymmetrical ( -) normalized combinations, respectively, of corresponding Cl and C/ 1 coordinates. Thus, for instance
;
These expressions also indicate that ax ( -f) and -) are correlated with Ax and B2 , respectively. Separate correlations with degenerate coordinates of the E species (Fa and Eb) may be achieved if these coordinates are oriented properly. Figure 3 indicates the chosen orientation of the a and b coordinates. Figure 4 shows a complete scheme of the correlations in question. The coordinates chosen in accord with the scheme must also be provided with mutually correct signs in order to fulfil the requirements. In the present case one finds Three additional coordinates are not accounted for by the correlations discussed above. They describe the mutual deformations (twisting and rocking) between the two cyclopropylene rings. The corresponding symmetry coordinates, expressed in terms of 0 bendings, are included on Figure 4 .
Force Constants
The analysis started with a very simple force field represented by a 44-dimensional diagonal F matrix with the following force constant values: all in mdyne/Ä. In spite of the extreme simplicity of the initial force field we found a general qualitative agreement between the calculated and observed frequencies. Thus it gave a very good starting point for a further evaluation of the symmetry force constants.
As the next step in the analysis we considered the molecule as a combination of the two fragments of cyclopropylene in the way illustrated above in the construction of the symmetry coordinates. Interaction force constants between the two parts of the molecule were neglected except for the r-stretchings. In this case a strong coupling between the vibra-tions is to be expected. With the aid of Fig. 4 we assumed identical symmetry force constants for species Ax and B2 with the exception of Fn, which is the principal r stretching force constant. Symmetry force constants of Bt are equal to those of A2 with the necessary addition caused by the ( I> coordinate. Species E can be regarded as consisting of three different parts (one from , one from b2 and the last caused by the <5 bendings) with no coupling inbetween. The frequencies calculated with this force field 2 (cf. Table 1 ) seem to verify the observed frequencies reported by Sverdlov et al. 3 and also generally support those frequencies given in parentheses therein. According to our results the bending frequency of At should be expected to be higher than the corresponding one of B1 (v11) in contrast to the suggestion of Sverdlov. An interchange of v4 and vlt was shown to influence the force constants only to a small degree and lead to negligible differences in the mean amplitudes. Hence we decided to maintain the assignment from Sverdlov et alias 3 . It should be mentioned that this final result fill out missing frequencies and partly disagree with the excellent but rather old spectroscopic work on spiropentane by Cleveland, Murray and Galloway 4 . These authors admit that there are unsolved problems in their assignment and mention that a normal coordinate analysis would be very useful to resolve some of these dubious points. Finally the force constants were adjusted to fit exactly the adopted assignment. Potential energy distribution was calculated and is given in Table 1 .
Final symmetry force constants are found in Table 2 . We judge the agreement between observed and calculated mean amplitudes of vibration to be very satisfactory.
Mean Amplitudes Vibration

